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Abstract 
Aerosols can have significant effects on global chmate change through direct effects and indirect 
effects. In spite of the significance of such aerosol effects on climate, the accurate evaluation of aerosol 
radiative forcing have not been achieved due to our poor knowledge of aerosol properties and the mechanism 
of aerosol-cloud interaction on climate change. Since aerosols are rapidly increasing during the last decades, 
East Asia is expected to be important to see such anthropogenic aerosol effects. Among the East Asia, Seoul 
represents well about the characteristics of both anthropogenic and natural aerosols due to the influence of 
urbanization and dust from China. 
In this study, aerosol optical properties over Seoul were examined to study representative properties 
of aerosol in East Asia using skyradiometer measurements during 2007. To investigate these properties, the 
temporal characteristics and the optical properties of aerosols in Seoul for Asian dust are analyzed. Aerosol 
optical depth shows a peak in July, and single scattering albedo and Angstrom exponent show the lowest 
values in spring when Asian dust dominates. Size distribution is bimodal shape with one peak over 0.11ｵm 
in fine mode and the other peak over 11ｵm of coarse mode. The height of peak in coarse mode is relatively 
high in winter and spring, while the height of peak in fine mode is higher in autumn. In addition, backward 
trajectory analysis using HYSPLIT (Hybrid Single Particle Lagrangian Integrated Trajectory) is also 
executed to analyze the properties of aerosols according to characteristics of trajectory. Fast north-westerly 
from northern China flows into Seoul from December to April and slows as it approaches to May. Easterly 
generated from May continued to late autumn. These ground-based results compared with satellite are 
expected to contribute to understand the optical characteristics of aerosols over Seoul, Korea. This study 
would be informative to study the aerosol effects on global climate change in more detail. 
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1. Introduction 
Atmospheric aerosols influence the climate directly 
by scattering and absorbing incoming solar radiation 
(Charlson et al., 1992) and indirectly by acting as cloud 
condensation nuclei, therefore modi枷g the 
microphysics, radiative properties, and life time of clouds 
(Twomey et al., 1984). There have been numerous 
previous studies to understand the radiative forcing by 
aerosols, but it has stil large uncertainty. Analysis of the 
optical properties and temporal and spatial variability of 
aerosols are necessary to understanding the effects of 
aerosols. Long-term monitoring of aerosols using 
ground-base measurements is important in terms of that. 
Many studies have examined aerosols optical 
properties in different regions using the data of 
AERONET (Aerosols RObotic NETwork) or SKYNET 
(SKYradiometer NETwork), which integrate the data 
measured by sunphotometers and Skyradiometers. Kim 
et al. (2004) examined the optical properties of aerosols 
with different regions such as desert and industrialized 
region. Eck et al. (2005) investigated the property of 
monthly average and wavelength dependency of optical 
parameters over the East Asia and Pacific region. They 
concluded that the peak of aerosol optical depth (AOD) 
and Angstrom exponent (AE) appear from March to May 
when the Asian dust dominates over the East Asia. In 
addition, recent studies have shown that aerosols are 
transported from East Asia to the North Pacific. Higurashi 
et al. (2000) showed that both aerosol optical thickness 
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and Angstrom exponent are large between 40ｰN and 
60ｰN in April and July because of gas —to-particle 
conversion process in which are sources of anthropogenic 
aerosols in industrial areas. 
In this study, we investigate various optical 
properties of aerosols in Seoul using the data measured by 
skyradiometer. There are many previous studies over 
Seoul, which presents the characteristics of not only 
anthropogenic aerosols due to the influence of 
urbanization and industrial activity but also natural 
aerosols such as Asian dust from China (Kim et al., 2006). 
This study would be informative to understand the efects 
of aerosols on global climate in more detail. 
2. Data 
The ground-based Skyradiometer (PREDE, Model 
POM-02) is the instnunent which measures the direct and 
diffuse solar irradiance to retrieve the aerosol optical 
parameters, and itproduces initial data with the electronic 
value per 10 minutes at 1 channels (315, 340, 380, 400, 
500,675, 870, 940, 1020, 1600, 2200 nm). The raw data, 
as a input ofSkyrad.pack,, are used to retrieve physical 
parameters of aerosol optical properties such as aerosol 
optical depth (AOD), single scattering albedo (SSA) and 
volume size distribution (Nakajima et al., 1996). The data 
at Yonsei University is registered SKYNET since 
December 2005. 
In our analysis, we used only seven wavelengths 
(340, 380, 400, 500, 675, 870, 020 m) to monitor aerosols. 
The other two wavelengths (315 and 940 nm) can be 
used to estimate total ozone and precipitable water 
(Shiobara et al., 1996), topics beyond the scope of this 
study. Therefore, we have been examined the optical 
properties of aerosols from January to December in 2007. 
3. Results 
3.1. Aerosol Optical Depth (AOD) 
AOD decrease due to wet deposition by recipitatio in 
rainy season and low in autumn with low relative 
humidity. Seasonal AOD shows the highest values in 
spring and the lowest values in autumn. It seems that 
AOD ishigh in spring due to the inflow of dust particle 
and also in summer due to the grow由 ofparticle. 
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Figure 1. Monthly mean AOD for 7 wavelengths in 2007 . 
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Monthly mean AOD at7 channels are shown in 
Figure 1. Due to different extinction efficiency in 
accordance with the size parameter as a function of 
wavelength and particle radius, AOD isdifferent at each 
wavelength. Monthly mean AOD in Seoul increase after 
February to present the maximum value in July. After then, 
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Figure 2. Seasonal mean value of(a)AOD at 500 run, (b) 
SSA at 500 nm, and (c) AE at340-675, 675-1020 and 
340-1020 nm. The vertical error bars show the standard 
deviation, respectively. 
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3.2. Single Scattering Albedo (SSA) 
Single scattering albedo describes the scattering 
properties of particles out of extinction. As it closes to 1, 
the particles have scattering more than absorption in their 
optical properties. Figure 3 shows the monthly mean SSA 
for 7 wavelengths. As seen in this Figure, SSA represents 
the lowest value of 0.91 in April when the Asian dust 
flows into Seoul from China in spring. After spring, SSA 
increase to 0.94 representing high characteristics of 
scattering. It is interested that there are difference in 
wavelengths, which shows the difference trends between 
shorter wavelength (340, 380 and 400 nm) and longer 
wavelength 9500, 675, 870, 1020 nm). It can be seen that 
radiation is absorbed in the wavelength at 202-422 nm for 
photo-dissociation under the clear-sky condition. 
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Figure 3. Monthly mean SSA for 7 wavelengths in 2007. 
3.3. 紐gstromexponent (AE) 
Angstrom exponent (AE) is inversely related to the 
average size of the particles in the aerosols. The smaller 
the value shows, the larger the particle is. Figure 4 shows 
monthly mean of AE at three wavelength pairs of 
340-675, 675-1020 and 340-1020 nm. AE for 340-1020 
nm shows 1.0 in January and after then, it decrease to 0.4 
in July due to the Asian dust. Low peak in July seems to 
be due to the influence of precipitation. As seen in Figure 
2c, seasonal average in AE showed that the lowest value 
in spring because of Asian dust and the highest value in 
autmnn because the air is clean after rainy season. 
3.4. Volume size distribution 
Volume size distribution according to the radius of 
particle characteristics the distribution of aerosol volume 
as a function of particle size. Generally bimodal 
distribution, which has one peak at fine mode and the 
other peak at coarse mode, is dominant in urban. Figure 5 
shows the seasonal pattern of volume size distribution. 
These are analyzed for the clear-sky condition (51 days) 
that when cloud amount is less than 1.0 tenth. Volume 
size distribution over Seoul has the bimodal distribution 
with one peak of 0.11ｵm of fine mode and the other 
peak of 1ｵm of coarse mode. Seasonally the height of 
peak in coarse mode is relatively high in winter and 
spring, while the height of peak in fine mode is higher in 
autumn. 
4.Summary 
Measurements of the optical properties of aerosols 
from skyradiometers over Seoul are analyzed in 2007. 
Monthly mean aerosol optical depth (AOD) has a peak in 
July because of weak ventilation. When the Asian dust 
dominants in spring, single scattering albedo (SSA) and 
Angstrom exponent (AE) show the lowest value. Volume 
size distribution have the peak of 0.11ｵm and 11ｵm. 
Because the properties of aerosols are related to the 
characteristics of transported aerosols, back trajectory 
analysis is also necess町 to inform the origin. Using the 
HYSPLIT4 (Hybrid Single - Particle Lagrangian 
Integrated Trajectory 4), we would be analyzed the 
difference of characteristics of aerosols depending source 
region, path and direction of trajectory. In addition, these 
ground-based measurements compared with satelite data 
would be provided to accumulate the knowledge of 
aerosols. 
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Figure 4. Monthly meanAE for 3 wavelength pairs 
(340-675 nm, and 675-1020 nm and 340-1020 nm) in 
2007. 
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Figure 5. The seasonal pattern of vol皿edistributions. 
These are retrieved for clear-sky conditions (cloud 
amount les than 1.0 tenth) in (a) spring, (b) summer, (c) 
autumn and (d) winter. 
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